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An association between left axis deviation and an
aneurysmal defect in children with a
perimembranous ventricular septal defect
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Abstract

Conspicuous left axis deviation was
found in two thirds (27 patients) of 44
children with a perimembranous ven-
tricular septal defect, echocardiographic
signs of apposition of the septal tricuspid
valve leaflet, and an aneurysm of the
membranous septum. In 10 patients
earlier electrocardiograms did not show
left axis deviation; this feature appeared
when the aneurysm of the membranous
septum was first seen on the echocar-
diogram. None of the 44 controls with
perimembranous ventricular septal
defect but without an aneurysm had left
axis deviation.

This study suggests that the appear-
ances of conspicuous left axis deviation
in a patient with ventricular septal
defect indicate a spontaneous reduction
in the defect by apposition of the septal
tricuspid valve leaflet and by the forma-
tion of an aneurysm of the membranous
septum.

Extreme left axis electrocardiographic devia-
tion is uncommon in children and is generally
associated with complex congenital heart dis-
ease. We noticed that children with an isolated
perimembranous ventricular septal defect and
echocardiographic signs of a reduction in the
size of the defect by the apposition of the
septal tricuspid valve leaflet and the formation
of an aneurysm often also had left axis devia-
tion.

Patients and methods
We studied 44 patients, chosen at random, in
whom cross sectional echocardiography
showed a perimembranous ventricular septal
defect that was partially closed by apposition
of the septal tricuspid valve leaflet and an
aneurysm of the membranous septum. We
also studied 44 patients in whom cross sec-
tional echocardiography showed a small to
moderate perimembranous ventricular septal
defect without apposition of the septal tricus-
pid valve leaflet or an aneurysm. They too
were also chosen at random from those in
whom echocardiography showed the relevant
signs. We excluded patients with Down’s syn-
drome or any other syndromes and children
with other associated congenital heart dis-
eases.

All three of us analysed the standard

electrocardiograms of the 88 patients by cal-
culating the QRS axis in the frontal plane and
other characteristics of the tracings. We used
Student’s ¢ test and the yx? test for statistical
analysis. A QRS axis > —30° was regarded as
left axis deviation.’

Results

The mean age of patients with an aneurysm of
the membranous septum was 3 years (range 1
month to 15 years) and in those without it was
2 years (range 1 month to 15 years). The table
summarises the electrocardiographic findings
in both study groups. Twenty seven (619%,) of
the 44 patients with an aneurysm of the mem-
branous septum had conspicuous left axis
deviation (fig 1). In the remaining 17 patients
the QRS axis was more positive than 0° (mean
+60-5°). None of the patients without an
aneurysm of the membranous septum had left
axis deviation. This difference was highly sig-
nificant by both statistical tests: t = 15:28,
p < 0-001; x2 = 40-25, p < 0-001. The mean
age at which the left axis deviation appeared
or was detected in the 27 children with an
aneurysm of the membranous septum was 2
years—709%, were <2 years old, and 509,
were <7 months old. Most of the patients in
both study groups did not show electrocar-
diographic evidence of ventricular enlarge-
ment; a few showed slight to moderate left
ventricular or biventricular enlargement.

Fifteen (34%) of the 44 patients with an
aneurysm of the membranous septum had an
incomplete right bundle branch block com-
pared with only three (79,) patients from the
group without an aneurysm: x> = 106,
p =~ 0-001. Thirteen of the 27 patients with
left axis deviation also had an associated right
bundle branch block (fig 2). So half those with
a left axis deviation also had a right bundle
branch block.

In 10 of the 27 patients with left axis
deviation (fig 3A) earlier electrocardiograms
had not shown this feature. The appearance of
this extreme left axis deviation coincided with
clinical evidence that the defect had become
smaller and echocardiographic demonstration
of apposition of the septal tricuspid valve
leaflet and an aneurysm of the membranous
septum (fig 3B). (In five of the 10 patients left
axis deviation and right bundle branch block
occurred simultaneously.) The remaining 17
patients had left axis deviation at presentation.

Only seven patients with an aneurysm of
the membranous septum were studied by
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Electrocardiographic findings in patients with ventricular septal defect

With AMS (44)n (%) Without AMS (44) n (%)

QRS axis:

—30° to —90° 27 (61-4) 0 (0)*

More positive than 0° 17 (38-6) 44 (100)

Mean +60-5 +713

Chamber enlargement:

None 25 (56'8) 26 (59-0)

Slight LVE 11 (250 9 (20-5)

Moderate LVE 2 (46) 3 (68

Considerable LVE 0 (0 1 (23)

Biventricular 6 (13-6) 5 (11-4)
Incomplete RBBB 15 (34:0) 3 (68t
Left axis deviation and incomplete

RBBB 13 (48-0) 0 (0

*p < 0-001. tp ~ 0-001.
AMS, aneurysm of the membranous septum; RBBB, right bundle branch block; LVE, left
ventricular enlargement.

Figure 1 - Cross sectional
echocardiogram (apical
four chamber view) and
electrocardiogram showing
perimembranous
ventricular septal defect
and aneurysm of the
membranous septum. The
electrocardiogram shows
left axis deviation. RV,
right ventricle; LV, left
ventricle; RA, right
atrium; LA, left atrium.

Figure 2 Cross sectional
echocardiogram (apical
four chamber view) and
electrocardiogram showing
ventricular septal defect
and aneurysm of the
membranous septum
(arrow). The
electrocardiogram shows
left axis deviation and
incomplete right bundle
branch block. RV, right
ventricle; LV, left
ventricle; RA, right
atrium; LA, left atrium;
AD, aneurysmal defect.
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cross sectional and Doppler echocardiograph.y
and all of them had slight to moderate tri-
cuspid insufficiency (fig 4).

Discussion

Spontaneous closure of membranous ventric-
ular septal defects was reported in between 25
and 809, of patients.>* Apposition of the septal
tricuspid valve leaflet and an aneurysm of the
membranous septum have been suggested as
important mechanisms reducing the size of the
ventricular septal defect.’® In 1957 Steinberg
showed angiocardiographically that apposition
of the septal tricuspid valve leaflet and an
aneurysm of the membranous septum may be
related to the spontaneous closure of the ven-
tricular septal defect.” Since then many reports
have indicated that the development of an
aneurysm of the membranous septum is not
only a common and benign finding in patients
with ventricular septal defect but also that its
appearance usually predicts a reduction in or
even spontaneous closure of the ventricular
septal defect.®®° Such features are common in
patients with small ventricular septal defects.
In the study on the course of aneurysms of the
membranous septum by Freedom et al, 709, of
the patients with small ventricular septal
defect, who had a pulmonary-to-systemic
blood flow ratio of <2, had an aneurysm of the
membranous septum.® Nugent ez al studied 119
patients with ventricular septal defects and
found an aneurysm at angiography in 419, of
them at 5-6 years of age and in 619, at 11 years
of age."

Beerman et al found that 459, of 87 patients
with ventricular septal defect and an aneurysm
of the membranous septum improved after a
median follow up of 8-6 years (range 1:2-18-8).
Only 59% had spontaneous closure of the
defect.’

The only documented mode of closure of the
more common defects of the membranous
septum is the adherence of the medial leaflet of
the tricuspid valve to the defect.""?

Bickman studied the QRS axis in 179
patients with ventricular septal defect. He
found that the average QRS axis was +58-0°;
10-19%, of them had an obvious or extreme axis
deviation, > —30°.! Extreme left axis deviation
was found in 1-4% of healthy infants and
children.!

Bickman pointed out that left axis deviation
was more common when the ventricular septal
defect lay beneath the septal leaflet of the
tricuspid valve. Nevertheless, he concluded
that it is not possible to establish the site of the
defect by electrocardiographic recording.’

In our series the association between left
electrical axis deviation and a ventricular septal
defect beneath the septal leaflet of the tricuspid
valve was clearly due not only to the anatomical
site of the defect but also to the adherence of the
septal tricuspid valve leaflet which reduced the
size of the ventricular septal defect. This sug-
gestion is supported by the fact that extreme
left axis deviation was a new finding in 10 of the
27 patients.

It is evident that chamber enlargement can
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Figure 3 Cross sectional echocardiogram and electrocardiogram. (A) When the patient was three months old the echocardiogram (four chamber

view) showed a small to moderate perimembranous ventricular septal defect (arrow) without an aneurysm of the

anous septum. There was no

left axis deviation or right bundle branch block on the electrocardiogram. ( B) When the patient was five years old the echocardiogram (four chamber
view and short axis) showed an aneurysmal defect (arrow) and the electrocardiogram left axis deviation and a right bundle branch block. RV, right
ventricle; LV, left ventricle; RA, right atrium; LA, left atrium; VSD, ventricular septal defect; AD, aneurysmal defect; AO, aorta; T, tricuspid

valve.

significantly influence the QRS axis. But the
extreme left QRS axis deviation in our patients
cannot be attributed to a great left ventricular
enlargement because most of these patients had
normal electrocardiograms and few showed
only a slight or moderate left ventricular en-
largement. Also one of our patients had band-
ing of the pulmonary artery in infancy because
of a large ventricular septal defect and heart

failure. Some years later angiography showed

spontaneous closure of the ventricular septal
defect (fig 5) with an aneurysm of the mem-
branous septum and systemic pressure in the
right ventricle. The electrocardiogram showed

right ventricular hypertrophy and left axis
deviation.

Since the case described by Laennec in 1826,
(cited by Freedom et al®), there have been
many reports of aneurysms of the membranous
septum,’™ and the association with many
congenital cardiac anomalies, arrhythmias,'®%
and conduction defects has been establi-
shed.'®*?? But an association with an extreme
left axis deviation has not been mentioned.

Freedom ez al did not find features in the
electrocardiogram that distinguished between
ventricular septal defect with an associated
aneurysm of the membranous septum (seen
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Figure 4 Cross sectional
and Doppler
echocardiograms in a
patient with a
perimembranous
ventricular septal defect,
aneurysmal defect and left
axis deviation. There was
mild to moderate tricuspid
insufficiency. RV, right
ventricle; LV, left
ventricle; RA, right
atriumy; LA, left atrium.

Figure S Lateral right
ventricular angiogram and
electrocardiogram showing
the aneurysmal pouch
protruding into the left
ventricle without shunting
(solid arrow )—contrast
medium did not enter the
left ventricle—and tight
banding of the pulmonary
artery (open arrow). The
electrocardiogram showed
left axis deviation and
right ventricular overload.
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angiocardiographically) and an isolated mem-
branous defect. Only four (79%) of their 56
patients had a frontal plane axis of —15° to
—60°; two of them had an aneurysm.*

So far angiocardiography has been the only
means of diagnosing aneurysms of the mem-
branous septum.®®!® But patients with small
ventricular septal defect do not generally need
angiocardiography and should be managed
clinically. The incidence of such aneurysms of
the membranous septum is therefore unknown,
though it was thought to be high.®°'°

Today the non-invasive technique of echo-
cardiography can easily confirm the presence of
aneurysms of the membranous septum as-
sociated with perimembranous ventricuar
septal defects and follow them through the
years.?? We found that the short axis and
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apical four chamber views were the most help-
ful in visualising the area of the membranous
septum. An aneurysm of the membranous
septum is often found at echocardiography? in
patients with a perimembranous ventricular
septal defect but the high frequency of an
extreme deviation of the left axis in our patients
is surprising. We believe that spontaneous
closure of ventricular septal defect can be
anticipated if the defect becomes smaller and a
left axis deviation appears.

We think that far from being an indication
for invasive studies the development of left axis
deviation in patients with small ventricular
septal defects forecasts the spontaneous reduc-
tion of the defect by apposition of the septal
tricuspid valve leaflet and by an aneurysm of
the membranous septum. Such patients only
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need careful clinical management even if the
venticular septal defect is large and seems to
need surgical closure.

Bickman found that 7-8%, of his patients
with left axis deviation also had incomplete
right bundle branch block.! We found that half
of our patients with left axis deviation also had
right bundle branch block.

There have been several reviews of the
anatomical relation of aneurysms of the mem-
branous septum to the tricuspid valve.?!*?
They suggested that dysfunction of the tricus-
pid valve was likely because it was affected by
the aneurysm of the membranous septum.
Freedom et al reported angiographc evidence
of tricuspid insufficiency in four patients with
aneurysms of membranous septum. They also
suggested that an aneurysm can cause tricuspid
insufficiency, perhaps by deforming the
overlying septal leaflet.® Others reported the
same association.'” % This dysfunction may
explain the tricuspid insufficiency found in all
seven patients that we studied by Doppler
echocardiography.

At auscultation tricuspid valve dysfunction
may be masked by the features of the associated
ventricular septal defect.

The apposition of the septal tricuspid valve
leaflet and the aneurysm of the membranous
septum that we found in two thirds of patients
aged under two years accords with the clinical
observation that most of the ventricular septal
defects that become smaller or close sponta-
neously do so before the patient reaches the age
of two.’*%® Freedom et al pointed out that
aneurysms are not unique, as was thought, to
children aged more than two; th\ey found
clinical, angiographic, and anatomical evidence
of this feature in infants.®

We still do not know the anatomical basis for
the development of extreme left axis deviation
when the septal tricuspid valve leaflet adheres
to the rim of the septal defect and whether this
deviation is transient or permanent.
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